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Supplementary Note 1. The reconstruction can be controlled by the sulfurization degree of pristine oxides. The Co2.75Fe0.25O4 was 
mixed with sulfur powder at mass ratios of 5:0.5, 5:1, and 5:3, followed by heat treatment for sulfurization. The sulfurization degree is 
estimated according to the ICP-OES measurement of sulfurized samples (Co2.75Fe0.25O4 (s)) (Supplementary Table 1). The CVs (1st 
and 2nd cycle) of Co2.75Fe0.25O4 (s) are given in Supplementary Fig. 3a-3f. The irreversible pseudocapacitive charge in the 1st cycle 
indicates the irreversible oxidation during the surface reconstruction of Co2.75Fe0.25O4 (s). Such signal for reconstruction become more 
notable along with the increase of sulfurization degree. Accordingly, the reconstructed Co2.75Fe0.25O4 / Co(Fe)OxHy can deliver higher 
current density with higher-degree reconstruction. The reconstructed Co2.75Fe0.25O4 (s) samples were observed under HRTEM 
(Supplementary Fig. 4a-4c). For all samples, an oxyhydroxide layer that is resulted by reconstruction can be found on the 
Co2.75Fe0.25O4 substrate. In Supplementary Fig. 5, the thickness of the oxyhydroxide layer has been estimated and correlated linearly to 
the sulfurization degree of Co2.75Fe0.25O4 (s). 
 
Supplementary Note 2. As the activity of Co(Fe) oxyhydroxide is also sensitive to the Co/Fe ratio, we synthesized the Co0.9Fe0.1OOH 
and referenced the benchmark Co0.86Fe0.14OOH1 for the comparison with Co2.75Fe0.25O4/Co(Fe)OOH (assuming that the Co/Fe ratio 
will not change remarkably after the surface reconstruction). The Co0.9Fe0.1OOH was synthesized according to a reported hydrothermal 
method.2 The HRTEM image and the FFT patterns of Co0.9Fe0.1OOH are shown in Supplementary Fig. 9a and 9b. The steady CV of 
Co0.9Fe0.1OOH at a scan rate of 10 mV s-1 in 1 M KOH is shown in Supplementary Fig. 9c. The surface area of Co0.9Fe0.1OOH is 
indicated by BET measurement (Supplementary Fig.8e). 
 
Supplementary Note 3. The measurement of CoFe2O4/Co(Fe)OxHy was also performed in a two-electrode cell before and after 
magnetization. The OER performance of CoFe2O4/Co(Fe)OxHy exhibits notable enhancement after magnetization (Supplementary Fig. 
30a). This result excludes the possible influence of magnetization on the reference electrode. Moreover, magneto-hydrodynamic 
(MHD) effect under a magnetic field has been found to improve the mass transportation of ions near the electrode surface. The MHD 
effect originates from the Lorentz force that affects the direction of charged ions Mx+ movement in electrolyte. The MHD effect 
decreases the thickness of the diffusion layer, which thus increases the limiting current in cathodic reactions such as metal 
electrodeposition. However, such an effect on ions may not be applicable to OER in aqueous solution. It has been well understood that 
OH- in aqueous solution do not move physically, but by sequential proton hoping, known as Grotthuss mechanisms (Supplementary 
Fig. 30b)3. That means there is actually no physical movement of OH- ions and thus the influence of Lorentz force on the OH- or H3O+ 
is negligible. It can be excluded that the observed enhancement is from the MHD effect. In addition, it has been known that the MHD 
3 
 
effect can promote the gas bubble release and thus improve the HER and OER kinetics. However, that was under the high 
overpotential and high current region, in which the gas bubble release significantly affects the reaction kinetics.4-5 It is not the case in 





Supplementary Fig. 1. The 1st and 2nd CVs of pristine Co3-xFexO4 spinel oxides in O2-saturated 1 M KOH with a scan 









Supplementary Fig. 2. a, b, The HRTEM images of Pristine CoFe2O4 (a) before and (b) after 500 OER CVs in 1M KOH. c, The 500 





Supplementary Fig. 3. (a, c, e) The pseudo-capacitive region of the CV and (b, d, f) the 2nd cycle of OER CV of Co2.75Fe0.25O4 (S) in 
different sulfurization degree: (a-b) 5:0.5, (c-d) 5:1 and (e-f) 5:3. The ratio denotes the mass ratio of oxide to sulfur powder in the mixture 







Supplementary Fig. 4. The HRTEM images of the Co2.75Fe0.25O4/Co(Fe)OxHy reconstructed from Co2.75Fe0.25O4 (S) with different 
sulfurization degree: (a) 5:0.5, (b) 5:1, and (c) 5:3. The ratio denotes the mass ratio of oxide to sulfur powder in the mixture before the 






Supplementary Fig. 5. The plot of the thickness of oxyhydroxide layer after reconstruction versus the sulfidization degree of 
Co2.75Fe0.25O4 oxide. The sulfidization degree of Co2.75Fe0.25O4 oxide is determined by the ICP-OES measurement. The error bars 







Supplementary Fig. 6. The Tafel plots in specific activity of Co3-xFexO4 (s) (x=0~2.0), and IrO26. The plots are given after oxide 




Supplementary Fig. 7. (a) The 2nd LSV of Co2.75Fe0.25O4/Co(Fe)OxHy with and without mixing with carbon in O2-saturated 1 M KOH. 
(b) The Tafel plots of the OER specific activity of Co2.75Fe0.25O4/Co(Fe)OxHy with and without mixing with carbon. The error bar 








Supplementary Fig. 8. The BET surface area measurements of Co3-xFexO4 spinel oxides. The details about surface area and materials 




Supplementary Fig. 9. (a) The HRTEM image and (b) the fast Fourier transformed (FFT) pattern of as-prepared Co0.9Fe0.1OOH. (c) The 







Supplementary Fig. 10. The Tafel plots of the OER specific activity of reconstructed Co2.75Fe0.25O4(s) (i.e. Co2.75Fe0.25O4 / Co(Fe)OxHy) 





Supplementary Fig. 11. The magnetic hysteresis loop of pristine CoFe2O4 under both field-cooled (FC) mode and zero-field-cooled 

































Supplementary Fig. 12. (a) The chronopotentiometry test of Co2.75Fe0.25O4/Co(Fe)OxHy for totally 72 hours under the OER current 
densities of 5.0 and 10.0 mA cmdisk-2 in 1 M KOH. (b) The CVs (scan rate of 10 mV s-1) of Co2.75Fe0.25O4/Co(Fe)OxHy) before and after 
CP measurement. The electrodes were fabricated without adding carbon. 
 
 
Supplementary Fig. 13. The 500 CVs of (a-b) Co2.75Fe0.25O4/Co(Fe)OxHy and (b-c) Co2.75Fe0.25O4 at scan rate of 10 mV s-1 in 1 M KOH. 
In Figure (a) and (b), the 1st cycle involves the reconstruction from the pre-catalyst (sulfurized Co2.75Fe0.25O4) to the desired catalyst 












Supplementary Fig. 15. The hysteresis loop of CoFe2O4/Co(Fe)OxHy under field-cooled (FC) mode after 20 and 500 CV cycles.  
 
 
Supplementary Fig. 16. The schematic illustration of the spin pinning effect at the interface between ferromagnetic (FM) magnetic 
domains and the paramagnetic (PM) layer. The spins in a paramagnetic material are naturally disordered. The spins in the FM 






Supplementary Fig. 17. The Tafel plots of (a) Co2.75Fe0.25O4/Co(Fe)OxHy, (b) FeCo2O4/Co(Fe)OxHy and (c) CoFe2O4/Co(Fe)OxHy 






Supplementary Fig. 18. (a) The chronoamperometry of the reconstructed CoFe2O4 (i.e. CoFe2O4/Co(Fe)OxHy) before and after 
magnetization (0.5T, 15 min). (b) The OER Tafel plots of CoFe2O4/Co(Fe)OxHy determined by CA and LSV (scan rate of 10 mV s-1) 







Supplementary Fig. 19. The magnetoresistance measurement of CoFe2O4 before and after applying magnetic field of 0.5 T for 15 







Supplementary Fig. 20. (a) The steady state (50th) LSV of stainless-steel (304) foil in 1 M KOH before magnetization and the LSV 
after magnetization (under 0.5 T for 15 min). (b) The steady state (50th) LSV of Ni foil in 1 M KOH and the LSV after magnetization 







Supplementary Fig. 21. The electrochemical performance of CoFe2O4/Co(Fe)OxHy and the corresponding Tafel plots before and after 
magnetization under 0.5 T for 15 min for (a-b) methanol oxidation reaction (MOR) and (c-d) Formic acid oxidation (FOR). The error 















Supplementary Fig. 23. (a) The OER LSV of CoFe2O4 (s) after reconstruction, magnetization under 0.5T for 15 min, holding for 1 

















Supplementary Fig. 26. The alternative spin-related O-O coupling process under AEM (a) with Co-O∙ oxyl radical 
















Supplementary Fig. 29. The Co2+/Co3+ anodic and cathodic peaks in the CVs of (a) Co2.75Fe0.25O4/Co(Fe)OxHy and (b) 





Supplementary Fig. 30. (a) The two-electrode measurement of CoFe2O4/Co(Fe)OxHy before and after magnetization under 0.5 T for 
15 min. The reference electrode is not used in the two-electrode system. (b) The mechanism of proton hopping (jump) for OH- in 









Supplementary Table 1. ICP result of Co3-xFexO4 (s) 
            Elemental ratio Sulfurization degree 
 Co% Fe% S% 
Co3O4 (s) (5:1) 97.09% 0 2.91% 2.06% 
Co2.75Fe0.25O4 (s) (5:0.5) 90.16% 8.11% 1.73% 1.32% 
Co2.75Fe0.25O4 (s) (5:1) 89.29% 8.04% 2.67% 2.25% 
Co2.75Fe0.25O4 (s) (5:3) 85.68% 7.71% 6.61% 5.31% 
FeCo2O4 (s) (5:1) 64.52% 32.26% 3.23% 2.25% 
CoFe2O4 (s) (5:1) 32.47% 63.96% 3.57% 2.75% 
The ratio denotes the mass ratio of oxide to sulfur during the sulfurization 
 
 





Mass for BET  
Measurement (g) 
As (m2 g-1) STD 
Co3O4 600 6 hours 1.1799 0.81 0.02 
Co2.75Fe0.25O4 600 6 hours 0.705 1.10 0.08 
FeCo2O4 400 6 hours 0.1717 43.16 1.23 
CoFe2O4 500 6 hours 0.1436 19.17 0.51 
Co0.9Fe0.1OOH 90 24 hours 0.3447 80.85 2.11 
 
 
Supplementary Table 3. The correction of zero point energy and entropy of the adsorbed and gaseous species. 
  ZPE(eV) TS(eV) 
*OOH 0.35 0 













Supplementary Table 4. The magnetizations of Co and O in *OH, *O, *OOH and *OO  
 *OH *O *OOH *OO 
O 0.343 0.828 0.373; 0.190 -0.725; -0.818 
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